The voltage transients in question instead appear to be graded regenerative potentials. Such potentials, which have been documented previously in nematodes 3, 4 , superficially resemble action potentials, but unlike the latter, their amplitude and waveform are highly sensitive to the size, duration and waveform of the stimulus. Graded potentials occur in cells in which the regenerative current is too small to drive an initial depolarization to completion each time the current is activated (Fig. 1d-f) .
The question of when to use the term action potential transcends semantics. Action potentials support coding schemes that utilize firing rate or spike timing, whereas graded regenerative potentials do not. Thus, it would be wrong to conclude from the data of Mellem et al. 2 (Fig. 1c of ref. 2) . Third, the waveform of the transients was not invariant with respect to changes in the stimulus (compare Figs. 1a,c and 2 of ref. 2) . Thus, the data in Mellem et al. 2 do not constitute the demonstration of action potentials in RMD neurons.
To the editor:
Since the publication of an essentially complete wiring diagram of the C. elegans nervous system more than 20 years ago 1 , there has been intense interest in the question of whether C. elegans neurons fire action potentials. Thus, the recent report by Mellem et al. 2 of action potentials in a C. elegans neuron is likely to receive considerable attention. Having carefully reviewed the data, however, we find that the regenerative events described by Mellem et al. 2 were incorrectly labeled as action potentials and are more accurately described as graded regenerative potentials.
Action potentials are one instance of a broad class of regenerative events. Such events are caused by intrinsic positive feedback as a result of a voltage-activated depolarizing current; this current is usually carried by voltage-gated Na + channels, voltage-gated Ca 2+ channels or both. The other types of regenerative events are graded regenerative potentials, intrinsic oscillations and plateau potentials. An action potential per se has three distinguishing features (Fig. 1a-c) . First, its amplitude is invariant with respect to the amplitude, duration and waveform of the stimulus that evoked it; once triggered it goes to completion. Second, it is intrinsically self-terminating as a result of events set in motion by the action potential upstroke, such as activation of hyperpolarizing current and inactivation of depolarizing current. Third, it has a stereotyped waveform that, as with amplitude, is invariant with respect to the amplitude, duration and waveform of the stimulus. Thus, every action potential is a regenerative event, but not every regenerative event is an action potential.
Recording in situ from the motor neuron class RMD, Mellem et al. 2 observed voltage transients in response to current injection in the form of a rising and falling ramp (Fig. 1a of ref. 2) or a 50-ms depolarizing step (Figs. 2a,b and 3a,b,d-f of ref. 2). They reported that approximately half of these events were followed by a stable plateau potential (as in Fig. 2 of ref. 2) . This is the first demonstration 
the assumption that all responses are simply graded in C. elegans; however, our studies clearly indicate the presence of regenerative, highly nonlinear voltage changes in at least some neurons 1 . These are exciting times for C. elegans neurobiology. Our initial observations raise a multitude of fascinating questions about the cellular and synaptic signaling mechanisms that contribute to action potential generation and plateau potentials, as well as the importance of this digital-like signaling for circuit function. Undoubtedly, future studies that address these questions and others will help to reveal fundamental strategies for information processing by nervous systems.
should be called an action potential only if it meets three criteria: its amplitude is invariant, its waveform is invariant and it is intrinsically self-terminating. However, the broader scientific community does not use this narrow definition. In fact, action potentials are used to describe a wide variety of regenerative events found in neurons, adrenal and pituitary cells 2, 3 , and even in algae and plant cells 4 . Probably the best-known examples of long and variable duration action potentials are found in cardiac cells. Another example is the action potential described in retinal horizontal cells, which is variable in magnitude, waveform and response to depolarizing stimuli 5 . A final example is the variable duration action potential identified in C. elegans pharyngeal muscle 6 . Indeed, the diversity of action potentials is enormous and recent studies have begun to elucidate the molecular mechanisms that lead to this diversity 6, 7 .
The regenerative events that we have described in C. elegans are diverse: at times they have reproducible, stereotyped waveforms (data not shown), at others they are associated with long-lived plateau states (Fig. 3g of ref. 1) , and at yet other times they show spontaneous fluctuations of invariant amplitude (Fig. 1e of  ref. 1 ). These findings should be of considerable importance to current efforts to model network activity in C. elegans. Because an earlier study suggested that all neurons in C. elegans shared "…a common mechanism of sensitivity and dynamic range" 8 , modeling studies might make should be kept in mind by theorists and experimentalists that are interested in both information processing and the molecular basis of neuronal signaling in C. elegans. 
